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SPEAKER SYSTEM 

(57) Abstract: 



PROBLEM TO BE SOLVED: To 
provide a piezoelectric speaker 
system, capable of reducing power 
consumption and preventing a glass 
plate from being damaged due to the 
vibration. 

SOLUTION: The piezoelectric 
system is provided with a glass plate, 
a piezoelectric element 120 and a 
low-pass filter 160. The glass plate 
forms a rear substrate for a display 
panel filled with a liquid crystal or an 
inert gas. The element 120 is stuck on 
the rear surface of the glass plate, 
vibrates in response to an supplied 
electric signal, and transmits the 
vibration to the glass plate. The glass 
plate and the element 120 forms the 
diaphragm of a speaker. The filter 
160 decreases the signal level of 
components of a prescribe cut-off 
frequency out of signals generated 
from a signal source 150 and feeds it 
to the element 120. Accordingly, 
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since a signal having fewer high- 
frequency components flows through 
the element 120, power consumption 
is reduced. Further, since the 
vibration of the glass plate is reduced, 
the glass plate is protected from being 
damaged due to vibration. 
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(57) [Abstract] 

[Technical problem] Power consumption is reduced and the piezo-electric 
loudspeaker system which can prevent that a glass plate breaks by 
vibration is offered. 

[Means for Solution] A piezo-electric loudspeaker system is equipped 
with a glass plate, a piezoelectric device 120, and a low pass filter 
160. A glass plate constitutes the substrate of the tooth back of the 
panel for a display by which liquid crystal or rare gas was enclosed. 
The piezoelectric device 120 is stuck on the flesh side of a glass plate, 
answers the supplied electrical signal, vibrates, and transmits 
vibration to a glass plate. A glass plate and a piezoelectric device 120 
form the diaphragm of a loudspeaker. A low pass filter 160 reduces the 
signal level of the component more than a predetermined cut off 
frequency among the signals which the source 150 of a signal emits, and 
supplies it to a piezoelectric device 120. Therefore, since a current 
with few high frequency components flows to a piezoelectric device 120, 
power consumption decreases. Moreover, since vibration of a glass plate 
is reduced, a glass plate can prevent destroying by vibration. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The piezo-electric loudspeaker system characterized by having 
the low pass filter which answers the glass plate which constitutes some 
panels for a display, and the supplied electrical signal, vibrates, 
reduces signal level about the component more than a predetermined 
frequency among the piezoelectric device which transmits vibration to 
said glass plate, and the electrical signal which the source of a signal 
emits, and supplies an output signal to said piezoelectric device. 
[Claim 2] Said low pass filter is a piezo-electric loudspeaker system 
according to claim 1 characterized by decreasing the signal level of a 
frequency component 10kHz or more at a predetermined rate. 
[Claim 3] It is the piezo-electric loudspeaker system according to claim 
1 or 2 which the impedance decreases by 6dB whenever the frequency of 
the signal supplied increases said piezoelectric device by one octave, 
and is characterized by said low pass filter attenuating the signal 
level more than a cut off frequency at a rate of 6dB or more whenever a 



frequency increases one octave from said cut off frequency. 
[Claim 4] It is a piezo-electric loudspeaker system given in claim 1 
characterized by equipping said panel for a display with the member for 
a display by which at least one sheet was inserted into two plates which 
consisted of glass, and said two plates, and, as for said two plates, 
for each forming the screen and a rear face, and sticking said 
piezoelectric device on the plate which forms the rear face of said 
display panel directly thru/or any 1 term of 3. 



[Translation done. ] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a piezo-electric 

loudspeaker system. 

[0002] 

[Description of the Prior Art] There are some which have frequency 
characteristics reproducible to an acoustic wave with a super-**** 
frequency of 100kHz or more in a piezoelectric device. Therefore, a 
piezoelectric device may be used for a tweeter, a super tweeter, etc. 
which bear a loud-sound region as an audio loudspeaker. Moreover, since 
the loudspeaker using a piezoelectric device is small and lightweight, 
it is used also as built-in loudspeakers, such as an earphone of a 
telephone, a Personal Digital Assistant, and a cellular phone. For 
example, in the cellular phone, the melody sound and ringer tone which 
the internal sound source LSI reproduces are emitted from the 
piezoelectric loudspeaker. 

[0003] Such a piezoelectric loudspeaker sticks a piezoelectric device on 
diaphragms, such as for example, a resin metallurgy group, and is 



constituted. If a current is passed to a piezoelectric device, according 
to the current, a piezoelectric device will deform, the diaphragm with 
which the piezoelectric device was stuck will drive it, and a sound 
(acoustic wave) will emit it. Conventionally, the signal including a 
super-high-frequency component was inputted into the piezoelectric 
device as it was, and is used for it as a loudspeaker which can 
reproduce the acoustic wave of a super-**** frequency as mentioned above. 
[0004] 

[Problem(s) to be Solved by the Invention] It is also the crystal of a 
dielectric, and this piezoelectric device is equivalent to a capacitor, 
when it sees as an electrical circuit. Therefore, the piezoelectric 
device has frequency characteristics similar to a capacitor about the 
impedance. That is, the impedance of a piezoelectric device decreases, 
so that it becomes a high region frequency. If it puts in another way, 
the current which flows to a piezoelectric device will become easy to 
flow, so that a frequency becomes a high region. Therefore, when a 
signal with many high region frequency components is temporarily 
supplied to the piezoelectric loudspeaker built in the Personal Digital 
Assistant, the current which flows to the piezoelectric device increases, 
and the power consumption of a piezoelectric loudspeaker increases. 
Consequently, the dc-battery of a Personal Digital Assistant will be 
exhausted early. 

[0005] Moreover, in a Personal Digital Assistant, when sticking a 
piezoelectric device on the glass plate which forms the liquid crystal 
panel for a display directly and using a glass plate as a diaphragm of a 
loudspeaker, a Personal Digital Assistant can be lightweight [ small 
and ]-ized. However, when the signal with many high region frequency 
components was supplied to the piezoelectric device, there was a case 
where a glass plate drove strongly and broke rather than usual. 
Therefore, in order to have stuck the piezoelectric device on the glass 
plate, the quality of the material and thickness of a glass plate needed 
to be adjusted, reinforcement needed to be increased, and this had also 
become the cause which bars small and lightweight-ization of a Personal 
Digital Assistant etc. 

[0006] This invention is accomplished in view of the above-mentioned 
actual condition, and aims at offering the piezo-electric loudspeaker 
system which can reduce power consumption. Moreover, this invention sets 
it as other purposes to offer the piezo-electric loudspeaker system 
which can prevent that a glass plate breaks by vibration. 
[0007] 

[Means for Solving the Problem] The piezo-electric loudspeaker system 



which applies to the 1st viewpoint of this invention in order to attain 
the above-mentioned purpose is equipped with the glass plate which 
constitutes some panels for a display, and an electrode, it answers the 
electrical signal supplied to this electrode, vibrates, reduces signal 
level about the component more than a predetermined frequency among the 
piezoelectric device which transmits vibration to said glass plate, and 
the electrical signal which the source of a signal emits, and is 
characterized by to have the low pass filter which supplies an output 
signal to the electrode of said piezoelectric device. 

[0008] said low pass filter may be constituted so that predetermined may 
come out comparatively and the signal level of a frequency component 
10kHz or more may be decreased. 

[0009] Whenever the frequency of the signal supplied increases said 
piezoelectric device by one octave, the impedance decreases by 6dB, and 
said low pass filter may be constituted so that the signal level more 
than a cut off frequency may be attenuated at a rate of 6dB or more, 
whenever a frequency increases one octave from said cut off frequency. 
[0010] Said panel for a display is equipped with the member for a 
display by which at least one sheet was inserted into two plates which 
consisted of glass, and said two plates, as for said two plates, each 
forms the screen and a rear face, and said piezoelectric device may be 
directly stuck on the plate which forms the rear face of said display 
panel. 
[0011] 

[Embodiment of the Invention] The piezo-electric loudspeaker system 
concerning the gestalt of operation of this invention is explained with 
reference to a drawing below. 

[0012] Drawing 1 is the orthogonal views showing the configuration of 
Personal Digital Assistant 100 which adopted this piezo-electric 
loudspeaker system. Drawing 1 (a) is the front view showing the field 
where the liquid crystal panel 110 has been arranged as a display of 
this Personal Digital Assistant 100. As shown in drawing 1 (a), the 
piezoelectric device 120 is arranged behind the liquid crystal panel 110. 
Drawing 1 (b) and (c) show the bottom view and left side view at the 
time of seeing Personal Digital Assistant 100 from a lower part and a 
left toward a transverse plane, respectively. As shown in drawing 1 (b), 
the liquid crystal panel 110 is arranged by the case 140 of a Personal 
Digital Assistant through the spacer 130. 

[0013] A liquid crystal panel 110 consists of a liquid crystal molecule 
arranged between the glass plate of two sheets, and the glass plate of 
two sheets, and gap material for maintaining the gap between glass 



plates, and displays various information. The glass plate of two sheets 
constitutes the screen and a substrate (tooth back of a liquid crystal 
panel 110), respectively. 

[0014] The piezoelectric device 120 consisted of barium titanate, a 
zircon lead titanate system compound, etc. , was processed into tabular, 
and is equipped with the electrode. As shown in drawing 1 (b), the 
piezoelectric device 120 has been arranged at the flesh side of the 
glass substrate of the tooth back of a liquid crystal panel 110, and has 
fixed with adhesives. Therefore, if a piezoelectric device 120 answers 
the input signal supplied to an electrode and it drives, the glass plate 
of a liquid crystal panel 110 will vibrate, and a sound (acoustic wave) 
will occur. That is, the piezoelectric device 120 and the glass plate of 
a liquid crystal panel 110 constitute the diaphragm of a loudspeaker. 
[0015] The piezoelectric device 120 is equivalent to a capacitor, when 
it sees as an electrical circuit. Therefore, the impedance of a 
piezoelectric device 120 becomes so small that the value of the 
frequency of an input signal is large. For example, when the 
electrostatic capacity of a piezoelectric device 120 is 0.8 micro F, by 
1kHz, the impedance is set to about 20 ohms by about 200 ohms and 10kHz, 
and is set to about 10 ohms by 20kHz, and, as for the impedance of a 
piezoelectric device 120, 1 octave tops decrease in number [ a 
frequency ] 6dB at a time for every ** (-6 dB/oct). Therefore, the 
current which flows a piezoelectric device 120 becomes easy to flow, so 
that a frequency becomes high. 

[0016] The spacer 130 has the reinforcement of extent which is not 
greatly cratered even if it pushes by hand, for example, consists of 
hard rubber etc. It makes it easy to arrange a spacer 130 between a 
liquid crystal panel 110 and a case 140, and to vibrate the glass plate 
of a liquid crystal panel 110. 

[0017] This piezo-electric loudspeaker system can emit a predetermined 
sound by the drive circuit shown in drawing 2 . This drive circuit 
consists of a source 150 of a signal, a low pass filter 160, and power 
amplification 170 so that it may illustrate. 

[0018] The source 150 of a signal consists of a sound source LSI which 
reproduces a predetermined melody sound, a control section which 
controls the sound source LSI, and outputs a predetermined sound signal 
etc. 

[0019] As a low pass filter 160 is shown in drawing 3 , the cut off 
frequency is set as 10kHz, and a frequency attenuates the signal 
component more than a cut off frequency at a rate which 1 octave top 
increases at a time by 18dB for every ** (-18 dB/oct). 



[0020] Power amplification 170 amplifies and outputs the output signal 
of a low pass filter 160. 

[0021] In this piezo-electric loudspeaker system, predetermined voice is 
reproduced as follows. The source 150 of a signal outputs the 
predetermined sound signal SI. The output signal SI of the source 150 of 
a signal is supplied to a low pass filter 160. A low pass filter 160 
cuts a frequency component 10kHz or more by 18 dB/oct among the supplied 
signals SI, and outputs a signal S2. Power amplification 170 amplifies 
the signal level of the output signal S2 of a low pass filter 160, and 
supplies the amplified signal S3 to a piezoelectric device 120. A 
piezoelectric device 120 is driven according to the magnification signal 
S3, and the glass plate of a liquid crystal panel 110 vibrates, and it 
reproduces predetermined voice. 

[0022] As mentioned above, since the signal level of a frequency 
component 10kHz or more is cut by actuation of a low pass filter 160 by 
18 dB/oct, when the magnification signal S3 is 20kHz, compared with the 
case where there is no low pass filter 160, only the electrical 
potential difference of about 1/8 is built over a piezoelectric device 
120 by it. Furthermore, the ultrasonic component 20kHz or more is cut 
more than it. 

[0023] On the other hand, temporarily, to a piezoelectric device 120, a 
current becomes easy to flow, when the same electrical potential 
difference is impressed to a piezoelectric device 120 since the 
frequency characteristics of the impedance of a piezoelectric device 120 
are -6 dB/oct, so that the frequency of the electrical potential 
difference is high. 

[0024] However, the frequency characteristics (-18 dB/oct) of the cut- 
off by the low pass filter 160 have a large inclination enough compared 
with the frequency characteristics (-6 dB/oct) of the impedance of a 
piezoelectric device 120. For this reason, the current which flows to a 
piezoelectric device 120 was reduced, so that it became a high frequency 
component. 

[0025] Therefore, the power consumption accompanying sound emission can 
be reduced in this piezo-electric loudspeaker system. Moreover, since 
the signal level of a super-**** frequency is reduced, vibration of a 
glass plate can be reduced and phenomena, like a glass plate can be 
broken can be prevented. 

[0026] In an above-mentioned operation gestalt, the cut off frequency of 
a low pass filter 160 shall be set as 10kHz. However, if it can leave 
the mid-range component frequency of about several kHz from 10Hz more 
than 100 to which the range of human being' s audio frequency is 20kHz 



from about 20Hz, and especially sensibility is said are good, the value 
of a cut off frequency will not be limited to 10kHz. It becomes easy to 
reduce the signal level of a high region frequency, and the reduction 
effectiveness of power consumption becomes large, so that this value is 
small. 

[0027] Moreover, in an above-mentioned operation gestalt, although a low 
pass filter 160 shall have the frequency characteristics which decrease 
signal level at a rate of 18 dB/oct from a cut off frequency like the 
slope shown in drawing 3 , it is not limited to this. The value has the 
desirable value of 6 or more dB/oct so that the frequency 
characteristics of the impedance of a piezoelectric device 120 can be 
offset. 

[0028] Moreover, in an above-mentioned operation gestalt, although the 
drive circuit of a piezoelectric device 120 shall consist of a source 
150 of a signal, a low pass filter 160, and power amplification 170, 
circuitry is not limited to this. 

[0029] Moreover, in an above-mentioned operation gestalt, although a 
piezoelectric device 120 shall fix with adhesives to the glass plate of 
a liquid crystal panel 110, the fixing approach is not limited to this. 
For example, what kind of approach is sufficient as fixing by the 
thermal or chemical approach etc. Moreover, although the piezoelectric 
device 120 was explained as what is directly stuck on a glass plate, it 
is not restricted to this. For example, other members which consisted of 
elastic body metallurgy groups etc. may be pinched between a 
piezoelectric device 120 and a glass plate, and you may constitute so 
that vibration of a piezoelectric device 120 can be indirectly 
transmitted to a glass plate. 

[0030] Moreover, in an above-mentioned operation gestalt, although it 
shall fix to the glass plate of a liquid crystal panel 110, a 
piezoelectric device 120 may be constituted so that it may be stuck on 
the glass plate which constitutes PDP (plasma display panel) for example. 
[0031] In this case, a piezo-electric loudspeaker system is built in 
electronic equipment with large size, for example, a flat. TV, compared 
with a Personal Digital Assistant. PDP has the structure where rare gas 
was enclosed between the glass plates of two sheets. A piezoelectric 
device 120 fixes at the rear face of the glass substrate of PDP. 
Therefore, the glass plate with which it will form PDP if a 
piezoelectric device 120 drives by the drive circuit vibrates, and a 
sound (acoustic wave) occurs. That is, the piezoelectric device 120 and 
the glass plate of PDP constitute the diaphragm of a loudspeaker. Thus, 
since it becomes large compared with the case where the size of a 



diaphragm is a liquid crystal panel when PDP consists of glass plates 
which stuck the piezoelectric device, tone quality may improve. 
[0032] Moreover, in an above-mentioned operation gestalt, two plates 
which form a liquid crystal panel 110 and PDP are not limited to this, 
although both shall be glass plates, and at least one sheet should just 
be glass. Therefore, one sheet consists of glass and one more sheet may 
be made to consist of plastics. 

[0033] Moreover, in an above-mentioned operation gestalt, although the 
source 150 of a signal shall output a predetermined signal by the sound 
source LSI and its control section, it is not limited to this. For 
example, based on the signal outputted from CD (compact disk) etc. , you 
may constitute so that sound emission may be carried out [ voice / 
predetermined ]. Similarly, it is good also considering DVD (Digital 
Versatile Disc) or SACD (Super Audio CD) as a sound source. Audio 
specification, such as DVD and SACD, has a very high sampling frequency 
compared with CD, and the output signal contains the high region 
frequency component exceeding human being' s audible threshold frequency 
(about 20kHz). Therefore, compared with the case of CD, more remarkable 
effectiveness may show up in this case. 
[0034] 

[Effect of the Invention] As explained above, according to this 
invention, the power consumption of a loudspeaker can be reduced 
conventionally. Moreover, according to this invention, a glass plate can 
prevent destroying by vibration. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] They are the orthogonal views showing the configuration of 



the Personal Digital Assistant having the piezo-electric loudspeaker 
system concerning the operation gestalt of this invention. 
[Drawing 2] It is the block diagram showing the configuration of the 
drive circuit of the piezo-electric loudspeaker system concerning the 
operation gestalt of this invention. 

[Drawing 3] It is drawing showing the frequency characteristics of a low 
pass filter. 

[Description of Notations] 
100 Personal Digital Assistant 
110 Liquid Crystal Panel 
120 Piezoelectric Device 
130 Spacer 
140 Case 

150 Source of Signal 
160 Low Pass Filter 
170 Power Amplification 
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